Several studies have investigated the association between abnormal microRNA-10b expression and the risk of various developing cancers, but the results are inconsistent. We searched all publications addressing the level of microRNA-10b expression in cancer cases and noncancerous controls (Accessed: August 2014). Thirty-six studies on 14 types of cancer were included. Among them, 25 studies were subjected to the meta-analysis with a vote-counting strategy, 13 studies were estimated using odds ratio (OR) and diagnostic accuracy, and 2 studies were assessed by both methods. It was found that vestibular schwannomas ranked first among the reported cancer types with up-regulated microRNA-10b expression; melanoma ranked first among the reported cancer types with down-regulated microRNA-10b expression; while breast cancer and hepatocellular cancer presented inconsistent microRNA-10b regulation. Of 13 included studies calculated for OR and diagnostic accuracy, it was shown that high-expression of microRNA-10b could be significantly associated with cancer risk (OR532.80, 95% CI: 11.90-90.37, P,0.0001), and the area under the summary receiver operating characteristic (SROC) curve for microRNA-10b high-expression in the diagnosis of cancer is 0.81, which suggested that high-expression of microRNA-10b can predict worse outcomes in some types of cancer and the regular monitoring of miR-10b expression might be useful in the clinical practice. M icroRNAs (miRNAs) are short (average of 22 nucleotides), noncoding single-stranded RNAs that play an important role in many physiological processes through the post-transcriptional regulation of protein coding genes by binding to the 39UTR of target mRNAs 1 . Meanwhile, deregulated miRNAs have been found in different types of human diseases and cancers. In particular, recent evidence has shown that altered expression of miRNA species is well established in a variety of pathological processes and cancers and that they are involved in tumor development, progression, and metastasis by targeting the mRNA of oncogenes or cancer suppressor genes. In fact, abnormal expression of specific miRNAs has been shown to correlate with a variety of cancers. Typically, miR-21 expression is up-regulated in glioblastoma, hepatocellular carcinoma, leukemia, ovarian cancer, breast cancer, colon cancer, lung cancer, pancreas cancer, prostate cancer and stomach cancer 2-4 . Moreover, miRNA expression level and function depend highly on the cellular context in which they are studied, including tissue type. For example, miR-183 family members were found to be consistently either up-or downregulated depending on the type of cancer 5 . The published studies analyzed here suggested that miR-10b was abnormally expressed through either up-or down-regulation in various cancers, depending on their target genes. Several studies have demonstrated that miR-10b was highly expressed in esophageal cancer, oral cancer, lung cancer, vestibular schwannoma, pituitary adenoma, prostate cancer and glioma cancer [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, downregulation of miR-10b expression was observed in clear cell renal cell cancer (ccRCC), renal cancer, colon cancer, endometrioid endometrial carcinoma (EEC) and melanoma [16] [17] [18] [19] [20] [21] . Other studies have reported altered miR-10b expression levels in breast cancer and hepatocellular cancer (HCC) 9, [22] [23] [24] [25] [26] [27] . Because the oncogenic or tumor suppressive properties of miR-10b are inconsistent and often ambiguous, we conducted a systematic review and meta-analysis from all eligible studies to evaluate a more precise association between abnormal miR-10b expression and the risk of developing multiple, independent types of cancer. In the future, we want to comprehensively and quantitatively summarize evidence for the use of miR-10b as a biomarker of different clinical characteristics of cancer.
M icroRNAs (miRNAs) are short (average of 22 nucleotides), noncoding single-stranded RNAs that play an important role in many physiological processes through the post-transcriptional regulation of protein coding genes by binding to the 39UTR of target mRNAs 1 . Meanwhile, deregulated miRNAs have been found in different types of human diseases and cancers. In particular, recent evidence has shown that altered expression of miRNA species is well established in a variety of pathological processes and cancers and that they are involved in tumor development, progression, and metastasis by targeting the mRNA of oncogenes or cancer suppressor genes. In fact, abnormal expression of specific miRNAs has been shown to correlate with a variety of cancers. Typically, miR-21 expression is up-regulated in glioblastoma, hepatocellular carcinoma, leukemia, ovarian cancer, breast cancer, colon cancer, lung cancer, pancreas cancer, prostate cancer and stomach cancer [2] [3] [4] . Moreover, miRNA expression level and function depend highly on the cellular context in which they are studied, including tissue type. For example, miR-183 family members were found to be consistently either up-or downregulated depending on the type of cancer 5 . The published studies analyzed here suggested that miR-10b was abnormally expressed through either up-or down-regulation in various cancers, depending on their target genes. Several studies have demonstrated that miR-10b was highly expressed in esophageal cancer, oral cancer, lung cancer, vestibular schwannoma, pituitary adenoma, prostate cancer and glioma cancer [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, downregulation of miR-10b expression was observed in clear cell renal cell cancer (ccRCC), renal cancer, colon cancer, endometrioid endometrial carcinoma (EEC) and melanoma [16] [17] [18] [19] [20] [21] . Other studies have reported altered miR-10b expression levels in breast cancer and hepatocellular cancer (HCC) 9, [22] [23] [24] [25] [26] [27] . Because the oncogenic or tumor suppressive properties of miR-10b are inconsistent and often ambiguous, we conducted a systematic review and meta-analysis from all eligible studies to evaluate a more precise association between abnormal miR-10b expression and the risk of developing multiple, independent types of cancer. In the future, we want to comprehensively and quantitatively summarize evidence for the use of miR-10b as a biomarker of different clinical characteristics of cancer.
case-only studies or had incomplete data, 18 were controls from tumor or cell lines, and 58 had unclear data or were reviews). The 24 selected articles (Table S1 ) included 36 studies with 1460 patients from the United States, Germany, Ireland, Switzerland, China, Japan, Singapore, Spain, Greece, Italy and Chinese Taiwan. 25 of the studies were subjected to the meta-analysis with the vote-counting strategy 6, 9, 11, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] 28, 29 . Thirteen of the studies were estimated using odds ratio and diagnostic accuracy 6, 7, 9, 11, 12, 26, 27, 29 . Two of the studies were subjected to both methods 6, 29 . A flow diagram of the study selection process is shown in Figure 1 . The publication dates of the included articles ranged from 2005 to 2014, and they were all retrospective in design. The types of cancer in these studies included colon, lung, breast, oral, glioma, esophageal, colorectal, HCC, vestibular schwannoma, pituitary adenoma, prostate, renal, EEC and melanoma. Thirty studies used quantitative real-time polymerase chain reaction (qRT-PCR) assays to measure the expression level of miR-10b, and 9 studies used microarray assays. Two articles investigated 5 independent studies as a sample/control set 9, 16 , and 4 articles investigated 2 independent studies as a sample/ control set 10, 14, 17, 28 (Table 1) .
Differentially expressed miR-10b in human cancers. In a panel of miR-10b expression analyses, miR-10b expression was reported to be consistently up-regulated among ten types of cancer. Vestibular schwannomas were reported to rank first in one study with an average fold-change (FC) of 269. (Table 2) .
Correlation between miR-10b expression and ORs. The primary results of this meta-analysis are shown in Table 3 . We performed an overall analysis of the data from studies containing high-expression of miR-10b and ORs from a variety of cancers. The studies were found to have moderate heterogeneity (I 2 544.0%, P50.045), so a random effects model was applied to calculate a pooled OR and its 95% confidence interval (CI) (32.80, 95% CI: 11.90-90.37, P,0.0001), which was statistically significant (Figure 2) . Then, subgroup analysis by cancer type showed significant association between the high-expression of miR-10b and various types of cancer. Low heterogeneities were found among nor-digestive system cancer (I OR545.263, 95% CI: 17.490-117.136, P,0.0001). The pooled OR being greater than 1 indicates that high-expression of miR-10b may be significantly associated with the risk of cancer (Table 3) .
Meta-analysis was not performed on the cancer cases and noncancerous controls that had low-expression of miR-10b due to insufficient data from the searched studies.
Diagnostic accuracy. A graph shows a forest plot for the sensitivity and specificity of miR-10b assays in the diagnosis of cancer for 13 studies (Figure 3) . Pooled results for the diagnostic accuracy are listed in Table 3 . The sensitivity (SEN) was 0.988 (95% CI: 0.899-0.999), and the specificity (SPE) was 0.624 (95% CI: 0.386-0.815). The pooled positive likelihood ratio (PLR) was 2.630 (95% CI: 1.436-4.815), the negative likelihood ratio (NLR) was 0.020 (95% CI: 0.002-0.172), the diagnostic odds ratio (DOR) was 133.145 (95% CI: 13.211-1341.874) and the area under the SROC curve (AUC) value was 0.98 (95% CI: 0.96-0.99). These results indicate that the miR-10b assay could differentiate affected individuals from those without cancer. Chi-squared values of SEN 33.16 (p50.00), SPE 145.83 (p50.00), PLR 240.04 (p50.00), NLR 32.93 (p50.00) and DOR 14.537 (p50.000) all indicate that significant heterogeneity exists between studies. Our data also showed that the SROC curve is positioned near the desirable upper left corner of the graph; the red point shows the maximum joint sensitivity and specificity. The area under the curve was 0.98, indicating a high level of overall accuracy ( Figure 4) . Subgroup analyses were also performed. To identify the accuracy of miR-10b for nor-digestive system cancer samples, we ran the algorithms using 447 digestive system cancer samples from the Sasayama, Ma, Zhao, Teplyuk, Guessous data set and obtained different source of samples, tissues or serum. The results suggested that the signatures had a high reproducibility. By detection of miR-10b up-regulate, we were able to stratify the digestive system cancer samples into low-and high-risk groups. We tested the predictive performance of miR-10b up-regulate in the five testing cohorts, which showed that 100% accuracy for high-risk groups in the testing sets containing 447 samples (Table 4) . To identify the accuracy of miR10b for digestive system cancer samples, we ran the same algorithms using the 228 digestive system cancer samples from the Xie, Li, Lu, Tian data set and obtained three source of samples, tissues, serum and saliva. The results suggested that the signatures still had a high reproducibility. By detection of miR-10b up-regulation, the digestive system cancer samples were stratified into low-and high-risk groups. The predictive performance of miR-10b up-regulation was evaluated in the four testing cohorts. Similar to nor-digestive system cancer samples, miR-10b also well performed in digestive system cancer samples, that is, 85.71-100% accuracy for high-risk groups in the testing sets containing 228 samples ( Table 5) .
Assessment of publication bias and sensitivity analysis. To assess publication bias in this study, the included studies were evaluated using Begg's funnel plots and the Egger's test. As shown in Figure 5 , the Begg's funnel plots were almost symmetric, and the Egger's regression intercept was 0.205. Thus, there was no evidence for significant publication bias in this meta-analysis. Sensitivity analysis was performed by omitting one study at a time to measure its individual effect on the pooled OR. As presented in Figure 6 , no individual study dominantly influenced the overall OR.
Discussion
In the past decade, increasing evidence has demonstrated that aberrant expression of several miRNAs correlates with certain oncogenes or cancer suppressors [30] [31] . miRNAs are also known to play important roles in the pathogenesis of cancer; up-regulation of oncogenic miRNAs or down-regulation of cancer suppressive miRNAs can contribute to tumorigenesis by altering many pathways, including cell cycle, angiogenesis, invasion and metastasis [32] [33] . To our knowledge, no meta-analysis has investigated the association between various cancers and their miR-10b expression with a consistent, statistically significant frequency in their expression level. Recent studies have shown that miR-10b is present in a variety of cancer types. Notably, miR-10b expression is elevated in glioma, liver cancer, pancreatic cancer, breast cancer, lung cancer, and esophageal cancer, among others [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [23] [24] [25] [26] [27] [28] [29] . Interestingly, except for its function as a cancer suppressor, miR-10b may act as a micro-oncogene in carcinogenesis to regulate cancer development and progression [16] [17] [18] [19] [20] [21] [22] . This study summarizes frequently reported cancer types with consistent or inconsistent miR-10b expression, and combines them by averaging the fold-change between independent studies, which may provide evidence for future research on the underlying mechanisms of tumorigenesis by miR-10b in specific types of cancer.
Our meta-analysis showed that vestibular schwannomas ranked at the top among consistently reported cancer types with up-regulated miR-10b (average FC: 269.19). miR-10b is also significantly up-regulated in HCC, esophageal cancer, oral cancer, glioma, pituitary adenomas and prostate cancer (average FC more than 4-fold (4 to 58.70)). The present study suggests that miR-10b is targeted to different genes in different carcinomas, such as NF1 in neurofibromatosis www.nature.com/scientificreports SCIENTIFIC REPORTS | 4 : 7498 | DOI: 10.1038/srep07498type 1, CDKN1A/CDKN2A in glioblastoma and KLF4 in esophageal squamous cell carcinoma 34 . These genes are involved in promoting the aggressive growth of carcinoma cells. High-expression of miR-10b had also been frequently reported in breast cancer, but the average foldchange was not significantly up-regulated (average FC: 1.77). Robert Weinberg's group, along with several others, have demonstrated that miR-10b is up-regulated in breast cancer and affects invasion and metastasis by targeting HOXD10 or TIAM1 24, 35 . Alternatively, melanoma ranked as the most consistently reported cancer type with down-regulated miR-10b. However, based on this study, the downregulation of miR-10b expression in a variety of cancers is not significant (average FC less than 4-fold (-1.27 to -3.13)). Although miR-10b up-or down-regulation is inconsistent in this study, the meta-analysis using the vote-counting strategy clearly demonstrates that miR-10b had high-expression in a number of cancer samples.
The pooled odds ratio and 95% confidence intervals in this metaanalysis also confirmed the conclusion of the above-referenced votecounting analysis. Thirteen studies from 8 articles on miR-10b expression indicated that miR-10b was significantly associated with cancer risk, included breast cancer, HCC, lung cancer, esophageal cancer and glioma (OR532.80, 95% CI: 11.90-90.37, P,0.0001). Low genetic effect heterogeneity was found in these cancers, even though they are from different genetic backgrounds, populations and cancers. Subgroup analysis of cancer types showed significant association between the expression of miR-10b and the increased relative risk among digestive system cancer (OR526.37, 95% CI: 3.21-216.41, P50.02), and nor-digestive system cancer (OR533.97, 95% CI: 11.98-96.32, P50.000) ( Table 3) .
In this study, the pooled SEN was 0.98 (95% CI: 0.89-0.99), the SPE was 0.62 (95% CI: 0.39-0.82) and the AUC was 0.98 (95% CI: 63-fold higher chance of being miRNA-10b assay-positive compared to control patients without cancer. The NLR value of 0.02 (95% CI: 0.00-0.17) means that the probability of the person having cancer is 2% if the miR-10b assay is negative, which is low enough to rule out cancer.
Heterogeneity is a potential problem in interpreting the results of any meta-analysis; our meta-analysis was interpreted within the context of its limitations. Subgrouping of the meta-analysis also allowed for the analysis of the different types of cancer and source of samples. The AUC value of 0.5 for the non-tissue group is too low, which means the combined SEN, SPE, PLR, NLR and DOR values cannot be determined. The PLR value of the tissue-based subgroup of the metaanalysis was 2.89, suggesting that patients with cancer have an approximately 2.89-fold higher chance of being miRNA-10b tissue-based assay-positive than control patients, and the NLR value of 0.003 in the present meta-analysis means that the probability of seeing cancer is 0.3% if the tissue-based miRNA-10b assay is negative, which is low enough to rule out cancer, including HCC, esophageal cancer, oral cancer, lung cancer, glioma and breast cancer. Our results indicate that the tissue-based level of miR-10b can distinguish cancer with more significant sensitivity and specificity than non-tissue based miR-10b. Similarly, the AUC value for the diagnostic accuracy of the meta-analysis of nor-digestive system cancer was lower (0.5) than in digestive system cancer (0.93). Only in the digestive system cancer subgroup can the value of the SEN, SPE, PLR, NLR and DOR be calculated. The pooled SEN was 0.93 (95% CI: 0.84-0.97), the SPE was 0.67 (95% CI: 0.30-0.90) and the AUC was 0.93 (95% CI: 0.90-0.95), which is high enough to consider for clinical practice. The PLR value of 2.77 suggests that patients with digestive system cancer have approximately 2.77-fold higher chance of being miRNA-10b assay-positive compared to control patients without digestive system cancer. The NLR value of 0.11 means that the probability of a patient having esophageal cancer is 11% if the miRNA-10b assay is negative, which is not low enough to rule out digestive system cancer.
As Li J et al. mentioned, interpatient and intratumour heterogeneity had an important role in affecting the robustness of gene signatures 36 . In this study, we screened the data from randomized source of samples to calculate the accuracy of miR-10b up-regulation detected on digestive or nor-digestive system cancers. The results showed that this strategy was able to significantly increase the predictive accuracy especially in high-risk groups (100%, 85.71-100% for nor-digestive and digestive patients, respectively). This meta-analysis has several limitations. First, meta-analysis results often depend on the control selection procedures. This may influence heterogeneity insomuch that population-based controls should be representative of the general population to reduce the natural heterogeneity present in such genetic association studies. Second, only articles written in English were included in this meta-analysis, and articles written in other languages, unpublished data and ongoing studies were not included, which may contribute to publication bias in our meta-analysis. Third, this study combined data from microarray analysis and real time quantitative PCR (qRT-PCR), which means these data have an inherent heterogeneity based on the methodology used to determine their parameters. Finally, a lack of access to the original data from the reviewed studies limited our ability to perform meta-analysis on down-regulated miR-10b OR and its 95% CI. It was expected that a meta-analysis of low miR-10b expressing studies containing pooled ORs and 95% CIs would be included in this study; they will be analyzed in the future when sufficient data can be collected.
In conclusion, we provide evidence that high-expression of miR-10b is significantly associated with cancer risk via a systematic meta-analysis. The vote-counting results demonstrate that miR-10b up-regulation may play an important role in vestibular schwannomas, HCC, esophageal cancer, oral cancer, glioma, pituitary adenomas and prostate cancer. Furthermore, miR-10b may be useful as a new molecular target to identify some types of cancer, especially the digestive system cancer.
Methods
Literature search. We conducted a literature search using the following electronic databases: PubMed, EmBase, Web of Science and Science Direct. The following keywords and medical subheadings were used simultaneously in each set: ''miR-10b or microRNA-10b'' and ''cancer or carcinoma or tumor or neoplasms''. Alternative spellings were also considered. Original articles published in English up to August 10, 2014 were screened. The authors were contacted via email to obtain relevant articles and data needed for the meta-analysis. The literature search was performed by two independent researchers.
Inclusion criteria. The articles collected were considered eligible if they met the following criteria: (1) they were published in English; (2) they measured miR-10b expression level in cancer patients; (3) they used tissue, saliva or blood samples obtained from surgically resected cancer cases and noncancerous/normal controls from different patients for comparison; (4) the validation method and validation sample set were reported; and (5) the studies utilized a case-control design and contained sufficient published data to allow the use of the vote-counting strategy or an estimation of the odds ratio (OR) within a 95% CI or calculate the diagnostic accuracy. Additionally, articles were excluded if they were (1) not published in English, (2) review articles, laboratory articles or letters, (3) duplicates or continued work of previous publications, (4) unqualified data, or (5) an investigation of a set of miRNAs, not miR-10b alone.
Data extraction. Key components of a qualified study were recorded: study population, type of carcinoma, study design, outcome assessment, and miR-10b measurements. Studies lacking any of these components were excluded to increase the reliability of the meta-analysis. A flowchart describing the identifying process of qualifying studies is presented in Figure 1 . The following information was extracted from the full text of eligible articles: the first author's surname, year of publication, study designation, origin country, subject ethnicity, case and control sources, number of subjects, types of cancer, and assessment methods.
Quality assessment.
To ensure the quality of the meta-analysis, all selected articles were scored and categorized according to the Newcastle-Ottawa Scale (NOS). Studies with a score of five or higher were considered to be of high quality (Table S1) . Two authors (Y.J.L. and J.N.Y.) reached a consensus on study eligibility, and any disagreements were resolved through a discussion. If no agreement could be reached, three other authors (J.Y., Q.J.W. and X.C.) checked the extracted studies to determine their inclusion.
Statistical analysis. The vote-counting strategy of meta-analysis based on ranking potential molecular determinants has been previously described by Griffith et al. 37 . Each included study compared miR-10b expression between cancer cases and noncancerous (normal or benign) controls in different types of cancer. Reported miR-10b expression levels were ranked according to the following order of importance: (1) listing miR-10b expression as differentially expressed with a consistent direction of change; (2) calculating average FC of miR-10b expression in a consistent cancer type (in the studies with available fold change information); and (3) comparing the total number of samples in the studies that were in agreement. Total sample size was considered more important than average FC because many studies did not report a FC. Therefore, average FC values were based on the subset of studies with these data available. The ranking was performed using RevMan 5.1 (Cochrane collaboration, Oxford, UK).
To statistically evaluate the level of miRNA-10b expression and OR in a variety of cancers, ORs and 95% CIs were calculated to estimate each study. The statistical significance of the summary ORs was determined by Z test (P,0.05 was considered statistically significant). The subgroup pooled ORs were calculated and used for comparisons of miR-10b between different type of cancers and different assessment methods for diagnosing the cancer. Inter-study heterogeneity was tested with the chisquare based Q-test. If an absence of heterogeneity across studies was identified (P.0.05), the fixed-effects model (Mantel-Haenszel method) was used. Otherwise, the random-effects model (DerSimonian and Laird method) was performed. The I 2 (I 2 5100% 3 (Q-df)/Q) statistic was then used to quantitatively estimate heterogeneity, where I 2 ,25%, 25-75%, and .75% represent low, moderate and high inconsistency, respectively 38 . Then, the true positive rate (TPR) and false positive rate (FPR) of each study were converted by constructing a 232 contingency table, and the patient numbers were used to calculate the overall diagnostic accuracy. The following indexes of test accuracy were computed for each study: SEN, SPE, PLR, NLR, and DOR. Based on the measures mentioned above, SROC curves were calculated to assess diagnostic accuracy 11 . The AUC was also calculated. An AUC value close to 1.0 signifies that the test has almost perfect discrimination, and an AUC value close to 0.5 suggests poor discrimination. The value of a DOR ranges from 0 to infinity, with higher values indicating better discriminatory test performance 39 . To evaluate whether use of the miR-10b would result in a better prediction of patient outcome from various types of cancer than single type of cancer, we applied the algorithms of miR-10b up-regulating detection in two ways: (1) we divided different types of cancer into nor-digestive and digestive system cancer; (2) we collected the data random from different sources to perform the values of miR-10b up-regulation between the ''good'' and ''bad'' samples. The pooled sensitivity, specificity and other related indexes across studies were calculated using a random-effects model. The chi-square test was used to detect statistically significant heterogeneity across studies. Additionally, sensitivity analysis was performed by omitting each study independently to reflect the influence of an individual study's data on the summary ORs. Finally, evidence of publication bias was analyzed by the Begg's funnel plot and Egger's test (P,0.05 was considered a significant publication bias) 40 . All calculations were performed using RevMan 5.1 (Cochrane collaboration, Oxford, UK) and STATA 11.2 (STATA Corporation, College Station, TX). 
